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9 The universe on the large scale  
 

In a pre-scientific age it was not unreasonable to interpret the Universe in a very simple way. The 

stars were fixed on crystal spheres surrounding Earth at the centre of the Universe and that was the 

extent of the Cosmos. 

 

 

 

 

 

 

 

 

 

The history of science and astronomy has been the gradual demotion of Earth from the centre of the 

cosmos and a view in which the Universe has grown ever larger, starting with Copernicusô moving the 

Sun to the centre of the cosmos. 
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In an era before the use of telescopes the Milky Way was little more than an oddity to observe in the 

sky with perhaps the occasional hints of structure from the Magellanic clouds and Andromeda nebula. 

As telescopes come into use the Milky Way is resolved as a vast conglomeration of stars and the 

Cosmos grows again. 

While the milky way could be seen as thousands of stars there were objects which remained 

unresolved; the nebulae. Amongst those were a class of objects which were known as the spiral 

nebulae. 

 

 

 

 

 

 

 

 

 

 

 

Lord Ross sketch of the Spiral Nebulae 

For a long time the question was unresolved as to whether these were objects within the Milky Way 

or objects outside of the Milky Way. It would not be until the work of Hubble to identify their 

distances that the question would be resolved. 

9.1 Classifying galaxies 
As astronomers observed nebulae it was obvious that there were several common structures. Edwin 

Hubble set about classifying galaxies. Broadly speaking there are elliptical galaxies, spiral galaxies 

which are subdivided into barred and non-barred spiral galaxies and irregular galaxies. 
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Elliptical galaxy 

 

Spiral galaxy 

 

Barred spiral galaxy 
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Irregular galaxy 

Hubble believed that these could be arranged into a scheme that showed how galaxies changed over 

time. We no longer believe that to be the case but we still use the same classification system. 

 

We should also add one more category to this which is the dwarf galaxy
1
. 

9.2 The dynamics of galaxies  
While Hubble was mistaken in his interpretation of the development of galaxies he was correct to 

understand them as being dynamic entities. Their structure varies over time and space. They interact 

with one another and change. 

 

                                                      
1
 In practice the distinction between a large cluster and a dwarf galaxy is ambiguous. Roughly speaking a cluster 

has stars that are all one age and a galaxy will have successive waves of star formation and sso a range of star 

ages. 
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Interacting galaxies 

For example the M51 galaxy is a spiral galaxy which has collided with a smaller dwarf galaxy. The 

result is to trigger change and new waves of star formation. The structure of the spiral galaxies if not 

persistent then is at least stable and re-establishes itself. The mechanisms that could that spiral 

structure to be maintained are still not clearly understood but the most accepted theory at the moment 

is that it is a density wave. 

 

Density waves causing spiral structures 
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The density waves behave much like a traffic jam. Stars move into the density wave and are then 

slowed down. The result is that, much like a traffic jam, there is a region of more densely populated 

stars. The stars within that region are not the same at all times but the pattern persists. 

9.3 Galaxies and groups of galaxies 
The Andromeda galaxy (M31) and the Milky Way are the two largest members of what we refer to as 

the local group. The third largest member is the Triangulum galaxy (M33)
1
. The rest of the group is 

composed of dwarf galaxies. 

The local group illustrates that while planets and stars are gravitationally distinct the same cannot be 

said for galaxies. Andromeda and the Milky Way are already gravitationally bound to one another. 

Galaxies and dwarf galaxies are loosely gravitationally bound to each other. For example there is a 

cluster known as the ñTramp clusterò (NGC 2149) which at 275000 light years was long thought to 

have broken free from the Milky Way
2
. Equally NGC6822 (ñBarnardôs clusterò) is more typical of the 

majority of galaxies being a dwarf galaxy barely 7000 lightyears in diameter
3
. 

 

Beyond the local group is the Virgo cluster; a region some 200 million light years in diameter in 

which clusters of galaxies form a larger structure. 

                                                      
1
 The Triangulum galaxy is supposed to be the furthest object visible with the naked eye. Under very good 

conditions it is visible without optical aid and is about 3.5 million light years distant. 
2
 It is still not certain if this is the case or not. 

3
 Although most galaxies are dwarfs, because the large galaxies are so much larger most stars are in large 

galaxies. 



Further Astronomy 9-7  

 

Beyond the Virgo Supercluster is the Pisces-Cetus Supercluster 

 

The structure is one of nested galaxies, clusters and superclusters and not a completely homogenous 

structure. 

Two features are worth mentioning separately; one is the ñgreat attractorò and the other is the ñsloan 

great wallò. 
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The great attractor 

The great attractor is a region towards which galaxies in the local cluster and supercluster appear to be 

being attracted. There is no apparent cause for this motion but it is there. 

 

 

The Sloan great wall 

The Sloan great wall is a structure seen by the Sloan deep sky survey. 

 

It appears to be a structure in the Universe that consists of a unusually dense region of matter. 

Planck structure 
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Beyond these are the structure shown up by the Planck satellite imagery. The Planck satellite 

surveyed the entire sky in the infrared. This shows the very early structure of the Universe 

immediately after radiation and matter decoupling
1
. 

 

At this level we can see some hints of structure. The Universe is not completely homogenous. The 

balance between the degree of homogeneity and visible structure is a problem to which we will return. 

 

 

 

                                                      
1
 In the early universe prior to 380000 years after the big bang radiation and matter were in equilibrium which 

means that it is not possible to see before this point. After 380000 years radiation decouples from matter and we 

can see. The radiation at that point has now been red shifted to the infra-red region of the spectrum. 


